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Title 

Catheter device 

Field of the invention 
5 The present invention relates to a catheter device and an infusion system 
according to the preambles of the independent claims. 

Background of the invention 

The invention relates to a catheter device adapted for administration of liquid 
10 substances from an externally carried pump device into a patient's blood or 
lymphatic vessels, visceral cavities or interstitial spaces. 

A number of systems and methods to administer one or more active substances 
to humans and other mammalians are known. The active substance is 
15 administrated to a specific site with a relative high concentration in order to 
affect the site or to be further allocated by the circulatory system. 

One problem occurring with the known systems is that, if the administrated 
liquid contains for example hormones or other substances, tissue growth is 

20 promoted at the target site as well as in the catheter system causing a hindrance 
for the liquid to be distributed. Where such a catheter system is intended for 
long-term use, as in the case of insulin administration, it is necessary to flush 
the catheter end and target site to reduce the active substance promotion of 
tissue growth. The flushing liquid is usually physiological saline, Ringer solution 

25 or similar fluids. This flushing procedure is both bothersome for the patient and 
expensive for the health care. 

Another problem with the catheters used today is the fact that some biologically 
active substances in water solutions have a tendency to adhere to the catheter 
30 walls and then form aggregates and clots resulting in a stop flow in the catheter. 
Peptides are known to adhere to plastic surfaces. In this case the catheter often 
must be exchanged. 

A third problem, in particular for subcutaneous catheter systems that 
35 penetrates the skin, is the risk of infections. Even if the risk not is substantial it 
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becomes high in the case of many years of treatment with repeated skin 
penetrations. This is a particularly referred risk aspect, which has limited the 
utilization of external pumps for subcutaneous insulin administration. 

5 Pulsative flows have been discussed in US-4,826,810, which specifically relates 
to insulin as active substance and carbohydrate as flushing liquid. In this patent 
a pump section is arranged that includes a pump mechanism and an insulin 
reservoir. An infusion catheter extends from the pump mechanism and is 
inserted into a patient to deliver insulin intravascularly, intraperitoneally, or 
10 subcutaneously. The system may be maintained by administering time-varying 
quantities of insulin by pulses of insulin, i.e. injections or infusions which start 
and stop within a short period of time (in the order of seconds). However, there is 
no disclosure in US-4,826,810 regarding any special features of the catheter. 

15 In US-6,254,586 is disclosed a method and a kit for supplying a fluid to a 
subcutaneous placement site. 

Thus, one object of the present invention is to achieve a catheter device that is 
less bothersome for the patient to use and that requires fewer follow-up visits at 
20 the hospital and is therefore less expensive. 

One further object of the invention is to achieve a catheter device where the 
active substance has less tendency to adhere to the catheter walls and to form 
aggregates and clots resulting in a stop flow in the catheter. 

25 

Still one object of the present invention is to achieve a catheter device that does 
not have to be exchanged as often as the prior art catheter system and thereby 
decreasing the risk of infection. 

30 Summary of the invention 

The above-mentioned objects are achieved by the present invention according to 
the independent claim. 

Preferred embodiments are set forth in the dependent claims. 

35 
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The key elements of Hie invention are that the active substance is administrated 
by using a catheter device comprising an outer catheter and an inner catheter. 
The inner catheter is replaceable without interrupting the position of the outer 
catheter, the inner catheter's fixation to the outer catheter ensures that the 
5 inner catheter distal opening is positioned proximal the distal opening of the 
outer catheter. 

Both catheters are each connected to a tubing from an external pump using a 
specific connection and, in the case of using a transcutaneous port, the plug to 
the port is connected to the outer catheter. When disconnecting the tubing and 
10 catheters sterile Teflon® plugs are preferably inserted to the open ends of tubing 
and catheters. 

According to a preferred embodiment, all surfaces in contact with the active 
substance in the catheter device are made of or covered by tetrafluoro 
15 polyethylene (Teflon®) to prevent that aggregates and clots are formed resulting 
in that the flow in the catheter is restricted or stopped. 

According to another preferred embodiment the catheter device enters e.g. the 
abdominal cavity through a transcutaneous port which is considered to strongly 

20 reduce the infection risk. 

The use of a transcutaneus port is used e.g. when performing peritoneal dialysis 
and for catheterisation of the choledoctus branches. The port is usually made 
out of a biocompatible material like titanium, which outer sides promotes tissue 
ingrowths but keeps a hollow area where the catheter may be located. The port 

25 has a plug so that patients can swim or shower without any fear of infectious 
material entering the abdominal cavity. 

The active liquid substance and the flushing liquid are transported from the 
external pump mechanism using two separate pieces of tubing to the interface to 
30 the catheter device according to the invention. 

At the connection between the catheter sets, there is a female connector at the 
tubing coming from the pump mechanism and a male connector from the 
catheter device. 
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The inner catheter, in which one or more lumens are used to administer active 
substances, enters the outer catheter a few centimetres prior to the 
transcutaneous entrance via a catheter connector, preferably a Y connector, 
which is equipped with e.g. a screw tightening sealing. This makes it possible to 
5 replace and exchange the inner catheter in case of increasing flow resistance due 
to tissue growth at the catheter tip and to peptide aggregates adhered to the 
inner surface of the catheter, while having the outer catheter in place. 

According to a preferred embodiment this exchange is achieved by having a male 
threaded connector fixated on the inner catheter, while on the catheter 
connector a female threaded connection is arranged having a self sealing 
mechanism when threaded together. The female connecting part on the outer 
catheter is permanently fixated so that the distance between inner catheter 
opening and the outer catheter opening is known when they are connected to 
each other. The outer catheter, which is providing the flushing liquid, protects 
the inner catheter at the outflow opening while when the flushing liquid cleans 
the inner catheter's outflow area. 

Thus, when the inner catheter is fixated to the outer catheter the distance 
20 between the two catheters' outflow openings are known. Since the catheter 

dimensions and the distance are known, the minimal volume required to flush 
the active substance from the inner catheter outflow opening and into target 
area can be calculated. The flushing volume must, however, be chosen slightly 
larger because of the laminar flow. This information is a requirement in order to 
25 program a flushing sequence after each active substance pulse volume and to 
preclude that each pulsed volume of an active substance in a pulsating 
sequence is effectively washed out. Therefore, the dual-catheter using a pair 
design creates a prerequisite for effective administration of pulsating sequences 
for liquids. 

30 

In case of utilising a permanent transcutanous port, the port's sealing system is 
used over the outer catheter to secure the fixation and position of the catheter 
and to protect the entrance of infection agents. 
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Above construction allows the exchange of a ologged toner catheter causing an 
mfusmn stop without having to exchange the complete catheter system It also 
provtdes the possibility that the exchange of the toner catheter may be ' 
performed m a rather simple equipped sterile environment. 

By improving the easiness of exchanging the inner catheter the therapy quality 
of pump administration of e.g. insulin is enhanced and thereby a better 
treatment for a continuously growing patient group is provided. 

Short descoiaioa of »"> ann»M h,,.,^,.. 

Figure 1 shows a schematic illustration of an infusion system including « 
catheter device according to a first embodiment of the present invention 
F.gure 2 shows a schematic illustration of an infusion system including a 
catheter device according to a second embodiment of the present invention 
Ftgure 3 shows a schematic iflustration of a part of the V-connection according 
to the present invention. S 

Figure 4 shows a schematic illustration of a distal par. of the V-connection 
according to the present invention. 

Detailed description of preferred e mbodiment, pfthe ■--ntinn 
Ftgure 1 shows a achematic illustration of an infusion system including a 
catheter device according to the present invention 

fa figure z is shown a catheter device 2 for transcutaneous or subcutaneous 

ouT'tT' thr ° U8h ^ *" 3 ' ° f SUbSUmCeS 10 * « - 
outer catheter 4 provided with one outer catheter lumen 6 with a distal outer 

carter outflow opening 8 and an toner catheter 10 provided with at least one 

unter catheter lumen .2 with a, least one distal inner catheter outflow opening 

clT 10 * SdaPted l ° ^ detaChaWy arranged to said outer 

catheter lumen 6. When &e catheter device is adapted to be used for 

admtoistration o, substances to a patient, the inner catheter outflow opening 14 
» located proxmtally said outer catheter outflow opening 8. In use the Ithel 
dev.ce preferably has its distal end in a free abdominal cavity. 

The dimensions of the catheter device is related to the specific use, e.g. where 
the substance is to be administrated. The overall lengU, of the catheter device 
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may be in the range of 5-30 cm. The diameter of the outer catheter may be 4 mm 
or less and the outer diameter of the inner catheter is naturally related to the 
inner diameter of the outer catheter and may be in the range 1-2 mm. However, 
other dimensions may also naturally be used. 

5 

In figure 1 is also seen an external pump device 16 including a pumping means 
18, a reservoir means 20 and a control means 22. The catheter device and the 
external pump device together constitutes an infusion system. The reservoir 
means has one or more reservoirs for substances and flushing liquids. 

10 The control means is adapted to control the pumping means such that a preset 
sequence of liquid pulses to be dispensed by said inner and outer catheters is 
obtained. The pumping means includes at least to pumps driven by motors 
connected to an energy source (not shown) as an example a battery, and 
controlled by the control means. 

15 Preferably the pumping means may include micro pumps (not shown) driven by 
linear motors that gets its energy from the energy source and connected to the 
reservoirs for the substances. 

The control means 22 is defined to secure that an active substance, for example 
a hormone or a c^ostatikum, in the pump is distributed in programmable 

20 dosages in the micro litre range to the outflow opening 14 of the inner catheter 
15 during short periods of time, for example in the range of seconds, and that 
these periods of primary dosages are distinguished from secondary periods 
which can last between 1-30 minutes. One distinguished character of the 
pumping means is that it is designed to operate with selected periods of primary 

25 dosages of 1 to 30 minutes. 

The pumping means is also programmed to generate a liquid pulses of flushing 
liquid after each liquid pulse of an active substance where each liquid pulse 
dosage is related to the volume between the openings of the inner and outer 
30 catheters. The dosage of active substance released from the inner catheter 
opening is thereby flushed out from the space between the inner and outer 
opening by the flushing liquid pulse applied via the outer catheter lumen. 
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It is also possible to use catheter device to retrieve fluid from inside the body in 
order to analyze the content of fluid and to use the inner or outer catheter or 
enter another fluid, if so needed. 

5 The inner catheter is preferably coaxially arranged with regard to the outer 
catheter. 

At least one of the substances is active, such as a hormone, e.g. insulin, a 
peptide, an anti-thrombolytic agent or any other pharmaceutical preparation for 
10 therapeutic or diagnostic use and the active substance is preferably 
administered by the inner catheter. 

The substance is preferably administered as a pulsed flow sequence of 
substance comprising a predetermined number of liquid pulses, wherein each 
15 liquid pulse is a predetermined volume of the substance. The predetermined 
volume of a liquid pulse depends of many different parameters, e.g. the used 
substance, the concentration of the substance, where the substance is 
administrated. 

As an exemplary embodiment, where insulin is used as an active substance, 
20 each liquid pulse has a volume in the order of 1 microliter, e.g. 0,5-1,5 

microliters. The total volume for all pulses in the whole pulsed flow sequence of 
substance is in the interval 4-8 microliters. 

The volume of a liquid pulse of the active substance is approximately the same 
25 as the volume defined in said outer catheter lumen between the inner catheter 
outflow opening and the outer catheter outflow opening. A liquid pulse of the 
active substance through the inner catheter lumen is followed in time sequence 
by a liquid pulse of a flushing liquid applied through the outer catheter lumen, 
in order to make the active substance reach the target area of administration. 

30 

The catheter device is provided with a first connector means 24 for connection to 
the external pump device 16 and with a second connector means 26 making it 
possible to detach the inner catheter and replace it if necessary. 
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According to a preferred embodiment the second connector means 26 is partly 
integrated in a Y-connection, this is further illustrated in figures 3 and 4. 

The second connector means 26 includes a first fastening means at the proximal 
end of said inner catheter adapted to co-operate with a second fastening means 
30 integrated with an opening in the outer catheter wall such that when said 
first and second fastening means are attached to each other the catheter device 
is in a substance administration state. This opening may e.g. be realised as a Y- 
connection as shown in figures 3 and 4. 

During a replacement procedure the first fastening means 28 is detached from 
the second fastening means 30 and the inner catheter is withdrawn out through 
the opening in the outer catheter wall and a new inner catheter may be inserted 
through said opening. The positions of the first and second fastening means 
ensure that a predetermined volume is obtained in the distal end of the outer 
catheter. 

As mentioned above the outer and inner catheters comprise at their respective 
proximal ends first connector means 24 arranged so that the catheter device 
may be disconnected from the external pump device. 

The outer catheter is adapted to administer a flushing liquid. A minimal volume 
of flushing liquid is calculated and used to allow each pulse of the active 
substance in pulsed sequence to enter a target area of administration. 

According to an alternative embodiment the inner catheter comprises two lumen 
where each lumen in the inner catheter is adapted to administer an active 
substance. 

According to a preferred embodiment all surfaces in contact with the active 
substance in the catheter device are made of or covered by tetrafluoro 
polyethylene (Teflon®) in order to avoid the aggregates or clots are formed at the 
catheter surfaces. 
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Figure 3 shows a schematic illustration of a proximal part of the Y-connection 
and figure 4 shows a schematic illustration of a distal part of the Y-connection 
according to the present invention. 

5 In the figure 3 the inner catheter 10 enters the outer catheter 4 through a Y- 
connector positioned prior the skin penetration and is connected by the second 
connector means 26 that includes the first fastening means 28 integrated with 
proximal end of the inner catheter and realised e.g. as outer threads and the 
second fastening means 30 at the Y-connection realised e.g. as inner threads. 
10 The second connector means also ensures that the first catheter lumen is 
aligned proximally and distally the second connector means. The active 
substance to be applied via the inner catheter lumen may be identified in the 
figure as well as the flushing liquid (shown as black) applied via the outer 
catheter lumen. 

15 

In figure 4 it is shown the connection of the outer catheter to the distal part of 
the Y-connector and the distal part of the inner catheter that is inserted and 
attached to the Y-connector as shown in figure 3. 

20 To place the catheter device 2, for example in a subcutaneous position, an 

opening in the skin 3 is made using an introducer, or a cannula, in combination 
with an introducer. The catheter device 2 is then entered into the introducer, 
which is penetrating skin, and when the catheter end has reached the target 
area, the introducer is split and removed. For abdominal cavity positioning a 

25 permanent transcutaneous port may be utilised whereby the catheter device is 

entered through the opening of the port where after the opening is closed using a 
port sealing. 

Thereafter the inner catheter 10 may be entered into the outer catheter 4 
30 positioned outside the port, and entered so far that first fastening means 28 

fixated on the inner catheter can be screwed on to the outer catheter. As stated 
above the inner catheter has a fixated fastening means located at its length so 
that when connected to the Y-connector body the outflow openings 8, 14 become 
separated from each other. As the two catheters are one pair, the inner 
35 catheter's outflow opening 14 is automatically positioned at a defined distance 
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short of the outer catheter's outflow opening 8. Then the catheter device may be 
connected to the external pump device 16. 

The connection between the pump means 16 and catheter device 2 may be 
5 disconnected at exchange of catheter device or at any time the patient so prefer. 
Disconnection is performed by release of the first connector means 24 that 
comprises a pair of connector parts (not shown). 

The two connector parts may be connected so that the catheter lumens for the 
inner and outer catheters are aligned and protected by sealing rings. 

10 

Small dosages of an active substance, in the range of micro litre, may under 
short primary time periods be administrated through the inner catheter 10, 
using a timing interval of 1 - 30 minutes between each primary time period. At, 
for example hormone treatment, the dosage selection is made to correspond to 
15 the amount of hormone the body's muscle cells and liver cells can absorb during 
the time period when these cells can absorb hormone from their environment to 
minimize excessive exposure of hormone to the body. 

The catheter according to the present invention may be used for other active 
20 substances to other body cavities or organs. For example the catheters may be 
placed in Vena Porta or any of its branches. 

The present invention is not limited to administration of hormones but may be 
utilized in administration of other pharmacological substances or other 
25 biological active substances, for example cytostatics or growth preventing drugs 
in cancer therapy. 

In such cases the catheter device may be inserted so that the outflow openings 
enter a target area for treatment, for example up- streams an intestine that is 
30 target to be treated with cytostatics whereas this substance shall be 

administered within selected time periods, adding a solution and flushed as 
described above. The advantage is that the catheter device may be positioned for 
a longer time of treatment without the risk of over exposure of active highly 
concentrated substances at the area of the catheter's outflow tract. 

35 



WO 2005/058404 



PCT/SE2004/001287 



11 

In other cases the catheter device may be used in a vein or artery, whereby the 
active substance is a drug to prevent blood clotting at or around the catheter's 
outflow opening, whereas the other catheter can be used to administer a 
nutrient solution with or without pharmaceuticals. 

It should be clear that the expression flushing liquid also may include a solution 
having an own functionality, for example circulatory vein/ artery enlarging 
pharmaceuticals. Due to the flushing liquid it is possible to let each pulsed 
volume of active substance to be administered and synchronized with the cell 
cycle receptivity at the target area. The flushing liquid at each pulsed volume of 
active substance also prevents quick fibrosis growth built-up in and around the 
outer catheters outflow tract. 

The present invention is not limited to the above-described preferred 
embodiments. Various alternatives, modifications and equivalents may be used. 
Therefore, the above embodiments should not be taken as limiting the scope of 
the invention, which is defined by the appending claims. 



